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ABSTRACT

. Using redicactive microspheres, we have found that neither
endotoxin nor gram negative bacteria or the combination of the
two, whenr used to induce shock in dogs, causs arteriovenous
shunts tc open in the gut or the liver. Skhunts cannot be
demonstrated in the lungs under these same conditions. In-
flsomation in addition to injection of bvacteria and/or
endotoxin appears necseaseary before artvaricvencua shuntis open,
Capillary msmbrane psrmeabllity pressures in shock have been
m2asureC in the forepaw of the dog. Shock 1e assoclated with
a decreased capillary pressure dus to leak of fluid through
damaged capillary walls. Maasive doeses of corticcosteroids
or tolerance to shock induced with epinepurine or endotoxin
preasrves membrans permweability pressure in the normul range.
Tolerance to epinephrine or endoctoxin is also escociated with
decreased reactivity of the renal and intestinal microcircula-
ticon. during shock. Correlaticn tetwsen laboratory experiments
and clinical treatment of shock hae been obtained with a
portable shock unit.

FOREWORD

In conducting the research described in this report,
the inveetigator(s) adnered to the "Guide for Laboratory
Animal Pacilities and Cere," as promulgated by the Committee
on the Guide for Laboratory Animal, Rescurces, National
Academy of Sciences-Natiorsl Research Council.
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I. Experimental Studies

A, Microcirculation in Septic Shock

Arteriovencus shunting in the viscera of xan apparently

pleys a major rcle in the humodynamic and metabelic distur-
bances occurring in gram negative septic shock. Yet the
mechanism for shunting is not fully understood and the exis-
tence of shunts is difficult to prove. VWe have studied
shunting in the lung, liver, and intestine of dogs subjected
to hemorrhagic, septic, or cardiogenic shock, The septic
shock models include injection of endotoxin alone, injection
of endotoxin and living Escherichia coli bacterie, and in-
Jection of erdotoxin, living Escherichia coli bacteria and the
creation of 2a inflammstory focus ia the viscera or subcu--
tanecus tiscues. Shuntirg in thege shock models was studied
by the use ol radioactive plastic m.hroapheres (25+5 micra)
for the liver and intestine and by the use of arterial and
venous oxygen tensiors and Berggren's formulae of the lung.

The radioactive microspheres are injected into the
superior mesenteric artery of doges following incuction of
whatever shock ig being studied., Blond flow from the superior
mesenteric veins is then collected and the nvmber of micro-
spherea passing through the superior mesenteric nicrocircula-
tion is estimated by messuring the radiocactivity of the
collected blood. The microspheres passing through the hepatic
artery distribution of dogs 1n shock from various causes are
caught in the lungs and the radiocactivity of the excised lung
is then measured.

Berggren's equation has been used to determine the
pulmonary arteriovenous shunting in these same shock models.
We kave fovnd thet the number ol microspheres es measured by
radioactivity passing through the suvperior mesenteric or
hepatic circulation in dogse in szhock fron endetoxin cr from
endotoxiu and bacteria, is less than one percent.

The f¢nd1ngs in the lung are similar to thcee for the
liver and gut, with nc¢ significant increase in pulmcnary
shunting noted frow injection of endotoxin or endotoxins
and livirg bacteria. These studies give further evidence
that in Bepsie neither endotoxin por hacveria aicne are
regponsible for the arteriovennous gptiniting vhich ig seo
comzonly found in mon suffering zeptwe shoor.

To eimulate more closely th» septic shocii nlcture of man,
we are now developjn aa experimental sgeptic ‘ehouk model in
the dog, pig, and monkey, which combirnes the injecticn of
living bacteria, endotoxin, and the ecreation of a focus of
inflasmmaticn, In preliminaery studies, we have hers shown
for the first time that we can reproduce the her>d:memic
and met&bol;c changes which are scen in man suffering gram
negativ sepslae., Our next step is to study the effects of

treatmant, with special emphasis on massive doses oif cortico-
°te~01d3, on this ao'nt{n- ghoclt madel in which h‘bh coavrdiae
output and low resisvance occurs. FProposals for this study
are cetalled in the contract application for the years

1969 - 70.
Pege 4




TR WK

SR

L

B, Capillury Membrane Permeability

Ve have gtudied {the caplillery pombrane psrmeability
pressure of the forepaw of dogs suffering shock due to the
endotoxin of Eszherichia coli bacterisa. This is another
attempt to sxyamine the microcirculation i shock snd its
response to trebtment, Using an ieolated, isogravimetric
forepaw of the dog, we determinzd the ca illary rermeduility
pressure t0 te 17 mmHg in normsl dogs. The capillary
rermeability presgsure of the forepaw four hours f2llowing
the induction of endotoxin shock decreasss to 9.5 muHg
iandicating that in endctoxin shock the capillary integrity
is damaged and fluld is apparently leaking into interstitial
epaces more easily than normal,

The isolated forepaw preparation of ths shocked dog
treated earliy with fluids and a massive dose of methylpred
nisolone retains a capillary perwsability pressure in the
pormal range (about 17 mmHg). Thie indicates ihat treatmer
hes apparently stabilized and preserved the integrity of the
capillary membraxe in the forepaw and, by doing so, has
prevented loss of fluid into the int erstitial spaces cf the
forepaw, Thus, these studies show & specific mechanism for
the lose of volume in geptic shock. Moreover, these srvadies
show another beneficlal effect of massive doses of cortico-
gteroids in maintaining the integrity of the capillary
membrane. Previcusly we demonstrated that messive doses of
steroids slowed nerve impulse transmission in sympathetic
nerves which reduces the intenslity of vasoconastriction
characteristically occurring in shock.

Similar studiee on capillary permeability pressure are
now being done on the kidney. Bere again, theae studies
indicate that there is a loss of capillary integrity ae
evidenced by lowered capillary permeability pressure after
8eptic sbock 1is induced. Treatment with corticosteroids
maintains the permeability pressure of the microcirculation
of the kidrey in the normal range. The msdel here has been
endotoxin jnduced shock, but similar changes appear to occur
in cardiogenic shock and in hemorrhagic shock when it is
rrolonged. Similar studies are bteing plarned for the pig and
for the rhesus monkey to obtain data in experimental animais
with a physioclogy more clesely akin to man.

C. Trlerance to Shock

High doses of epinephrine, ncrepinephrine, and endo-
toxin result in increased sympathetic mnervous activity,
periphersl vasocon&triction, reduced tissue perfusion and
death of doge. iven in gublethal amounts, the dosage of
these agents can be increased to usually lsthal levels with-
out adverse effects i done in a stepwise fashion. The dog
is then congidered tolerant tc one or the other of these
substancee. Under these conditions, the dogs are relatively
insensitive to sympathetic stimulation and do not respoad by
intense peripheral viscerocutaneous vasoccnstriction which
is, apparently, the cardinal respcnse to hemorrhagic, septic,
and cardiogenic shock,

Pags 5
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In tolerant dogs, rolatively insensitive to vasooon-
etrictive stimuli, the induction of usually lethal homorrhagic,
septic, or cardiogsnic ehook Goes not result in the usual
degres of intensive poriphexal wvascconstriction. 7That is, ths
alphe adronorgically sengitive viscerosutaneous vascular beds
4o rot respond by vasoconstriction despite a fsll in cardiac
ou“iut and blood pressure., Thus, blood flow remsine more

tably dietridbuted %o all vasonler beds, Moreover, oxygen
conaumpticn reneins in the normgel range &nd survival is near
100 percent.

Capillary permeabilitg studies have been sterted on
tolerant degs in shock. hese indicate that inluced tolerance
to shock, like massive doees oY corticcsteroids, preserve a
more normeal capilla:g pressure, indioating that one means by
which tolerance to shook protects againet death is through
preasrvetion of cepillary integrity.

We have found that induction of tolerance by the use of
chronic injections of epinephrine norepinephrine, or endotoxin,
in sublethal amounts, can ususlly be induced in a minimum of
two weeks. The tolerance 8o induced appears to last for up
to thrse months, but le definitely dissipated by six months.
Tolsrance studies are now planned for the pig and for the
rhesus monkey as the nsext atsp in the eventual induction of
tolerance to shock in man. This program has great eventual
benefits for the comhat soldier as well as to civilians
exposed to military or natural catastrophes.

II. Clinical Shock Unit Patients

A. Gepersl Plan of Cbservation and Treatment _

Duving the past year, 19€8-62, we have studied 8%

patients in shock at the University of liinnescta Hospitals,
with the aid of our clinical shock unit. While these studies
are not directly supported by the Research and Tevelopment
Command coatract, the results of these studies provide
evidence of the value of applying the principles learned in
the laboratory to the treatment cf the acutely ill.

These patiehts who sutfered from traumatic, cardiogenic
or septic shock, ¢r comdbinations of these problems were
atudied with the aid of a mobile shock cart equirped with
girain gaugze transducera, a transistorized densitometer, and
other esquipment a&llowing us visual rsadout of erteriel and
venous pressures, cardiac outpute, and other derived data
for immediate use at the bedmside. Such data is also recorded
for future uss. In addition to hemodymawic studies, respira-
tory and metabolic effects of sheck are also recorded.
Arterial and venous oxygen and carbon dioxide tensions and
saturationg ars measure Most patients are also being
acaisted with one of the various types of respirators so
oxygsn uptake can be measured and, ultimately, oxygen con-
sumption determiced. Moreover, with the aid of Berggren's
formulsa and the ahove daie, erterial venous shunting in the
lungs cen be cstimated., Blood pH, and lactete, and serum
electrol tes are aleo mssaaured and used as a guide to treat-
ment, All patients are also catheterized so that houxrly urine
volumss can be accurately recorded. All of the above data,
including & careful examinaticn of the petient are avallable
within 30 to 45 minutes after the patient in shock is seen.

Page 6
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B, Hemodynamic Otservations in Septic Shock
A ponstant iinding in patients suffering actuasl or
impending sepcio shock is & normal or high cardiac output
along with & normal oxr low totel peripheral resistance. These
findings occur in the face of clinicai signs of poor autri-
tional blood flow suon as soidosis, elevated blood lactate,
oliguria, and occol, pals, skin.

The desparity between cliniocal signs of shock and hemo-~
dynmic measurements of an apparentily adaquate cardiac output
can only be explained by the opening of arteriovenous eshunts.
These can be must easily dsmonstratsd ia the lung, where we
find that oxygen teusion of arterial blood is usually below
normal evan though the patient is recseiv 10 percent oxygen,
Moreover, the low arterial venoue oxyger difference suggsests
that blocd 1s bypassing nutritional vascular beds not only in
the lung, dut in th¢ other viscera and skin as well. These
shunts can exrist i the lung, in the viscera, in inflammed
pleura, or peritonewm, or subcutaneous tissuea. Attempts to
measure shunting directly in septic shock in the kidrey have
begun by placiag catheters in the renal artery and renal vein
of patients iu shock. Here again, using the ox{gen saturations,
and blood flow studies across this organ, we believe we can
obtain blecod flows across the kidney as well as data to indicate
whether shunting is present in this organ in sepsis.

The living bacterial factors seen respcnsible for the
opening of shunts since endctoxin in the absence of bacterial
inflampation in the dog does rot lead to shunting in any organ
as was noted above, However, wvhen an inflammetory process is
induced by chemicals or bacteria along with endotoxins, we then
can repreoduce the picture which is 80 characteristically seen
in man of a high cardiac output ard low total peripheral
resistance in the face ¢f a severe decrease in nutritional
blood flow to the viscera and skin.

The therapeutic protocol for the patients in septic shock
includes liberal use of blood, plasma, plasma substitutes,
low molecular dextran, and balanced salt solutions, combined
withk massive intravenous doses of corticostercids., usuelly
methylprednisolone (30 mg/kg) or dexzamethasornsz {6 mg/kg). Along
with those mcasures, syuthetic penicillins, and kamagycin ars
g€iven intravenously. Finally, th2 source of bacterial con-
taminaticn is eliminated whenever puacitvle. This combination
of measures has lead to the survivsl (actual discharge from
the hoapital) of over 70 percent of ths patieniz, a notable
improvement in our own previous results and in ile results
reported by others.

C. Caxdiogenic Shock
A protocol similar to that outlin:d above for thoss
patients suffering septic snock hag been uced with success
in cardiocgenic shcck in which the increascd zeriphersl rc-
sistance of cardiogenic shock is decreapeld by the use of
messive doses of corticosteroids. The uee of vasopressor
substances has beeun avoided inm mosi patients,

Page 7
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D. Impending Shock '
In the past year, we have bsen called esarlier to cos
tients vwho &re sufferi E:is or cardiovescular problsnms.
ﬁ:gg of these vatients still have & norewal dlood pressure,
ough they manifest sifns of & low cardiac ocutput, and high
resistance with oliguria cardiac Ganmege ie the problem.
Other patients suffering sepsis show the typioal signe cf high
cardisc output and low realstance with oliguria. VWhen these
patients 2re sesn eerly and treated early with fluids and
masaive doses of corticoateroids; ther: subssquent hypotension
hae not occurred and survival ie near 100 per cent. It is
our hope that the preventicn cf eshock through ths eventual
induction of tolerance in man combined with early treatment
way virtualiy eliminate deatk: from septic or otrdiogenio
insults oxr following trauma.

III. Impsdance Method for Meseuring Cardiac Outpu. in Shock

A separate report has been submittod on this phaee
of our study by Dr. Robexrt Brsek. ]

Page &
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13. ABSTRACT

Using radioactive microspheres, we have found that neither endotc ‘n
nor gram negative bacteria or the combination of the two, when used

to induce shock in dogs, cause arteriovenous shunts to open in the gut
or the liver. Shunts cannot be demonstrated in the lungs under these
same conditions. Inflammation, in addition to injection of bacteria ;
and/or endotoxin appears necessary before arteriovenous shunts open.
Capillary membrane permeability pressures in shock have been measured
in the forepaw of the dog. Shock is associated withdecreased capillary
pressure due to-leak of fluid through damaged capillary walls.lMassive E
doses of corticosteroids or tolerance to shock induced with epinephrinci
or endotoxin preserves membrane permeability pressure in the normal '
range. Tolerance to epinephrine or endotoxin is also associated with
decreased reactivity of the renal and intestinal microcirculation
during shock. Correlation between laboratory experiments and clinical
treatment of shock has been obtained with a portable shock unit.
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